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^CLAIMS 
iV A cache system comprising: 

atVeast one DRAM array divided into a plurality of blocks; 
first and second SRAM arrays each having a capacity at least as large 
as the capacity of aVock of the DRAM array; 

an adaress decoder coupled to receive a memory address and being 
operable to decode th^address and generate decoded address signals corresponding 
thereto; \ 

an input/oubut circuit coupled to the DRAM array, the SRAM array, 
and the address decoder, tnk input/output circuit being operable to respond to a first 
control signal by coupling wnte data from an external data terminal to a location in a 
block of the DRAM array corresponding to the decoded address signals, or to respond 
to a second control signal by coupling write data from the extemal data terminal to a 
location in the first or second SRAM arrays, or to respond to a third control signal by 
coupling data from one of the SRjwL arrays to a location in a block of the DRAM 
array corresponding to the decoded address signals; and 

a control circuit coupled to the DRAM array, the SRAM array, the 
address decoder, and the input/output Circuit, the control circuit being operable to 
refresh the DRAM array one block at a time, the control circuit further being operable 
to generate the first control signal when thfe block of the DRAM array corresponding 
to the decoded address signals is not being Vefreshed, to generate the second control 
signal when the block of the DRAM arrayVcorresponding to the decoded address 
signals is being refreshed,, to generate the third control signal when the block of the 
DRAM array that was being refreshed when theidata was stored in the SRAM array is 
no longer being refreshed. \ 

2. The cache system of claim 1 wherein the control circuit 
comprises: \ 

a refresh controller coupled to the DRAM array, the refresh controller 
being operable to refresh the DRAM array one block at a time; and 

a control buffer structured to receive ^memory command and to 
generate the first, second and third control signals corresponding thereto. 
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3\ The cache system of claim 1 wherein the block of DRAM array 
are physically part of a single DRAM array. 

4. \ The cache system of claim 1 wherein the an input/output circuit 
comprises a pluralitAof complimentary input/output line pairs, the input/output lines 
being sufficient in number that a first pair of input/output lines may be coupled to one 
block of the DRAM arrW while a second pair of input/output lines may be coupled to 
another block of the DrAm array. 

5. A cache system comprising: 

at least one DRAM array divided into a plurality of blocks; 

first and second^ SRAM arrays each having a capacity at least as large 
as the capacity of a block of th^DRAM array, the SRAM arrays being coupled to the 
DRAM array for direct transfer df data from either of the SRAM arrays to any block 
of the DRAM array if the block of\he DRAM array is not being refreshed; and 

an input/output circuit coupled to the DRAM array and the SRAM 
array, the input/output circuit beingXoperable to store write data in a block of the 
DRAM array to which the write data Vas directed, and to store write data directed to 
any block of the DRAM array in either W the SRAM arrays if the block to which the 
write data was directed is being refreshedX 

6. The cache system of claim 5 wherein the block of DRAM array 
are physically part of a single DRAM array. \ 

7. The cache system of claim 5 wherein the an input/output circuit 
comprises a plurality of complimentary input/outbut line pairs, the input/output lines 
being sufficient in number that a first pair of input/Vitput lines may be coupled to one 
block of the DRAM array while a second pair of inpWoutput lines may be coupled to 
another block of the DRAM array. \ 

8. A computer system, comprising: \ 

a processor having a processor bus; \^ 
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aSn input device coupled to the processor through the processor bus and 
adapted to allow uata to be entered into the computer system; 

anV^utput device coupled to the processor through the processor bus 
adapted to allow data to be output from the computer system; and 

a system controller coupled to the processor bus; 

a system memory coupled to the processor through the system 
controller; and \ 

a cacha system coupled to the processor bus, the cache system 
comprising: \ 

at least one DRAM array divided into a plurality of blocks; 
firsthand second SRAM arrays each having a capacity at least as 
large as the capacitA of a block of the DRAM array; 

a dat4 transfer circuit coupled to the DRAM array and the 
SRAM array, the dam transfer circuit being operable to respond to a first 
control signal by coupltog write data to the first or second SRAM arrays, or to 
respond to a second control signal by coupling data from one of the SRAM 
arrays to a location in a bk)ck of the DRAM; and 

a control cWuit coupled to the DRAM array and the SRAM 
array, the control circuit bekig operable to refresh the DRAM array one block 
at a time, the control circuit fiarther being operable to generate the first control 
signal when the block of tHe DRAM array to which write data is being 
directed is being refreshed, ancMo generate the second control signal when the 
block of the DRAM array that Was being refreshed when the data was stored 
in the SRAM array is no longer being refreshed. 

9. The computer system of claim 8 wherein the control circuit 
comprises: \ 

a refresh controller coupled to the DRAM array, the refresh controller 
being operable to refresh the DRAM array one blXck at a time; and 

a control buffer structured to receive a memory command and to 
generate the first, second and third control signals corresponding thereto. 
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iV). The computer system of claim 8 wherein the block of DRAM 
array are physically part of a single DRAM array. 

1 1 A The computer system of claim 8 wherein the an input/output 
circuit comprises atolurality of complimentary input/output line pairs, the input/output 
lines being sufficieift in number that a first pair of input/output lines may be coupled 
to one block of the DRAM array while a second pair of input/output lines may be 
coupled to another bloW of the DRAM array. 

12. Acomputer system, comprising: 
a processor having a processor bus; 

an input device coupled to the processor through the processor bus and 
adapted to allow data to be entered into the computer system; 

an output deVice coupled to the processor through the processor bus 
adapted to allow data to be output from the computer system; and 

a system controller coupled to the processor bus; 

a system meniory coupled to the processor through the system 
controller; and \ 

a cache system \ coupled to the processor bus, the cache system 
comprising: \ 

at least one DRAM array divided into a plurality of blocks; 
first and second SRAM arrays each having a capacity at least as 
large as the capacity of a blobk of the DRAM array; 

an input/output circuit coupled to the DRAM array and the 
SRAM array, the input/outpuA circuit being operable to write data directed to 
any block of the DRAM arraA in either of the SRAM arrays if the block to 
which the write data was directed is being refreshed; and 

a control circuit qpupled to the DRAM array and the SRAM 
array, the control circuit being opdrable to cause either of the SRAM arrays to 
transfer data stored in the SRAM array to any block of the DRAM array if the 
block of the DRAM array is no longW being refreshed. 
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13. The computer system of claim 12 wherein the block of DRAM 
array are physic^ly part of a single DRAM array. 

14. \ The computer system of claim 12 wherein the an input/output 
circuit comprises a plurality of complimentary input/output line pairs, the input/output 
lines being sufficientun number that a first pair of input/output lines may be coupled 
to one block of the DRAM array while a second pair of input/output lines may be 
coupled to another block of the DRAM array. 

15. A method of caching data, comprising: 

providing k DRAM having a plurality of blocks each of which may be 
refreshed; \ 

providing first and second SRAMs having a capacity of at least the 
capacity of the DRAM blocKs; 

addressing a frtst block of the DRAM in an attempt to write data into 
the first block of the DRAM; \ 

if the first block V)f the DRAM is being refreshed during the attempt, 
writing the data into the first SRAM; 

after the first bloqk of the DRAM is no longer being refreshed, 
transferring data stored in the first SRAM to the first block of the DRAM; 

addressing a second Mock of the DRAM in an attempt to write data 
into the second block of the DRAM; \ 

if the second block of tWe DRAM is being refreshed during the attempt, 
and data is being transferred from the Virst SRAM to the first block of the DRAM, 
v^iting the data into the second SRAM; ahd 

after the second block of\the DRAM is no longer being refi-eshed, 
transferring data stored in the second SRAM to the second block of the DRAM. 

16. The method of claim \5 fiirther comprising writing data into 
the first SRAM if the second block of the L)RAM is being refreshed during the 
attempt to v^ite the data into the second block \nd data is not being transferred from 
the first SRAM to the first block of the DRAM. \ 
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The method of claim 15 further comprising writing the data 
into the first of Vhe DRAM if the first block of the DRAM is not being refreshed 
during the attempt 

18. \ The method of claim 15 further comprising: 

addressing a third block of the DRAM in an attempt to write data into 
the third block of the DRAM; 

if the third block of the DRAM is being refreshed during the attempt, 
and data is being transferred from the second SRAM to the second block of the 
DRAM, writing the data\nto the first SRAM; and 

after the mird block of the DRAM is no longer being refreshed, 
transferring data stored in me first SRAM to the third block of the DRAM. 

19. The ntethod of claim 15 further comprising: 

addressing a fitst block of the DRAM in an attempt to read data from 
the first block of the DRAM; dnd 

outputting data from the first block of the DRAM. 

20. The method of claim 1 9 wherein the act of outputting data from 
the first block of the DRAM is Accomplished regardless of whether or not the first 
block of memory is being refreshed\ 

2 1 . The method ofVlaim 1 5 further comprising: 
addressing the first bloqjc of the DRAM in an attempt to read data from 

the first block of the DRAM; and 

outputting data fi-om the ^st block of the DRAM; and 
caching the data output fr\m the first block of the DRAM in the first 

SRAM. 



22. The method of claim 2\ further comprising 
addressing the first block of theY)RAM in an attempt to read data from 
the first block of the DRAM; and \ 
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iutputting data from the first block of the first SRAM. 
2B. A method of caching data, comprising: 

pipviding a DRAM having a pluraUty of blocks each of which may be 

refreshed; 

proViding first and second SRAMs having a capacity of at least the 
capacity of the DRAM blocks; 

sequAntially attempting to write data to blocks of the DRAM; 

if a blbck to which data is attempting to be written is being refreshed, 
writing the data to ond of the SRAMs; 

when tlie refresh of a block has been completed, transferring data from 
the SRAM to which thl data had been written to a block of the DRAM to which data 
was attempted to be written; and 

if a blockUo which data is attempting to be written is being refreshed 
and data is being transfeAed from the one SRAM to a block of the DRAM, writing 
the data to the other SRAM. 

24. The Aiethod of claim 23 fiirther comprising, if the block to 
which data is attempting to ^e written is not being refreshed, writing the data to the 
block of the DRAM. 

25. The methV)d of claim 23 ftirther comprising: 
attempting to read data from a block of the DRAM; and 
outputting data frdp the block of the DRAM to which an attempt to 

read data is directed. 

26. The method o^ claim 25 wherein the act of outputting data from 
the block of the DRAM is accompli\;hed regardless of whether or not the block of 
memory is being refreshed. 



27. The method of claim 25 farther comprising: 
attempting to read data froAi a block of the DRAM; 




\ 

outputuing data from the block of the DRAM to which an attempt to 
read data is directed and 

caching me data output from the block of the DRAM in one of the 
SRAMs. \ 
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